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Description 


[High-Pressure Explosive Retention 

Device] 

Background of Invention 

[0001] | n completing a well, perforations are often extended into 
the formation surrounding a wellbore to enable communi- 
cation of well fluids between the formation and the well- 
bore. Perforation is accomplished by use of perforating 
guns that are run into the wellbore from a well surface. 
Such perforating guns typically include shaped charges 
that, when initiated, produce perforating jets that cut 
through a casing or liner and extend perforating tunnels 
into the surrounding formation. The shaped charges are 
typically connected to a detonating cord, which is in turn 
connected to a detonation assembly (or firing head). To 
activate the perforating gun, an input signal (such as an 
electrical signal, optical signal, pressure pulse signal, me- 
chanical signal, or another signal) is provided to the deto- 
nation assembly, which causes initiation of the detonating 


cord. A detonation wave traveling down the detonating 
cord causes detonation of the shaped charges. 

[0002] Explosives can also be used to perform other well opera- 
tions, such as setting packers, activating pipe cutters, and 
so forth. An issue associated with initiating explosives in a 
wellbore is the presence of a high hydrostatic pressure in- 
side the wellbore, particularly when detonation assemblies 
to initiate the explosives are exposed to the wellbore 
pressure. Hydrostatic pressures of as high as 20,000 psi 
(or even higher) in a wellbore is not uncommon. The pres- 
ence of high pressure in a wellbore can make explosive 
detonation less reliable, and the ballistic transfer between 
multiple explosive elements less reliable. In the presence 
of high pressure, explosive elements such as a detonating 
cord or a booster explosive are compacted, which causes 
the explosive elements to become desensitized. 

[0003] | n conventional detonating assemblies of perforating 

guns, a sealed housing is often provided, with the sealed 
housing containing a detonator. The inner chamber of the 
sealed housing is at ambient pressure, which allows reli- 
able initiation of the explosive in the detonator that is lo- 
cated in the sealed housing. With a conventional sealed 
housing, a pressure barrier is usually used between the 


detonator and another explosive component (such as a 
booster explosive or a detonating cord) that is to be initi- 
ated by the detonator. The pressure barrier prevents entry 
of wellbore pressure into the inner chamber of the sealed 
housing. The pressure barrier often is in the form of a thin 
wall of the housing. Initiation of the detonator causes the 
barrier to be ruptured to enable the detonation to be 
transferred from the detonator to the explosive compo- 
nent on the other side of the barrier. The pressure barrier 
tends to reduce the explosive energy that can be directed 
from the detonator to the explosive element through the 
barrier. As a result, the transfer of explosive energy from 
the detonator to the other side of the barrier may not reli- 
ably detonate the explosive element. 
Summary of Invention 

[0004] | n general, methods and apparatus are provided to in- 
crease reliability of explosive transfer from one explosive 
element to another explosive element in the presence of 
high pressure. For example, an apparatus includes one or 
more housing sections that provide a sealed space. A first 
explosive element is in the sealed space. A second explo- 
sive element has a first portion in the sealed space, and a 
second portion outside the sealed space exposed to out- 


side pressure. A gripping mechanism grips a surface of 
the explosive element to maintain a position of the sec- 
ond explosive element that is exposed to the outside 
pressure in an axial direction of the second explosive ele- 
ment. 

[0005] other or alternative features will become apparent from 

the following description, from the drawings, and from 

the claims. 
Brief Description of Drawings 

[0006] pig. 1 illustrates a tool string positioned in a wellbore, the 
tool string incorporating an embodiment of the invention. 

[0007] pig. 2 is a longitudinal sectional view of a detonator as- 
sembly according to an embodiment of the invention. 
Detailed Description 

[0008] | n the following description, numerous details are set 

forth to provide an understanding of the present inven- 
tion. However, it will be understood by those skilled in the 
art that the present invention may be practiced without 
these details and that numerous variations or modifica- 
tions from the described embodiments may be possible. 

[0009] as used here, the terms "up" and "down"; "upper" and 
"lower"; "upwardly" and "downwardly"; "upstream" and 


"downstream"; "above" and "below"; and other like terms 
indicating relative positions above or below a given point 
or element are used in this description to more clearly de- 
scribed some embodiments of the invention. However, 
when applied to equipment and methods for use in wells 
that are deviated or horizontal, such terms may refer to a 
left to right, right to left, or other relationship as appro- 
priate. 

[0010] pig. 1 illustrates a perforating gun string 100 that in- 
cludes perforating guns 102 and 103 and a detonator as- 
sembly 104 according to some embodiments coupled to 
the uppermost perforating gun 102. The perforating gun 
string 100 is carried into a wellbore 106 on a carrier 
structure 108, which can be a wireline, slickline, coiled 
tubing, and so forth. The detonator assembly 104 initiates 
a detonating cord 110 in the perforating gun 102 to fire 
the perforating gun 102. The detonation wave in the det- 
onating cord 110 is transferred to a detonating cord 111 
in the perforating gun 103 by a ballistic transfer unit 114. 

[0011] | n other embodiments, instead of the two perforating 

guns 102 and 103 shown in Fig. 1, only one perforating 
gun or more than two perforating guns can be used. Also, 
in alternative embodiments, multiple detonator assem- 


blies 104 can be used in a tool string. 

[0012] The detonator assembly 104 according to some embodi- 
ments receives an input signal from a well surface, which 
input signal can be in the form of an electrical signal 
transmitted over electric conductor(s) in the carrier struc- 
ture 108, an optical signal transmitted over a fiber optic 
cable in the carrier structure 108, pressure pulse signals 
transmitted through the wellbore 106, mechanical stimuli 
in the form of mechanical forces applied on the carrier 
structure 108, and so forth. 

[0013] Although described in the context of a tool string includ- 
ing perforating guns, the detonator assembly 104 can be 
used in tool strings including other types of tools. For ex- 
ample, such other tools include tools to set packers, acti- 
vate pipe cutters, set valves, and so forth. The detonator 
assembly 104 can also be used in tools for other applica- 
tions, such as seismic, mining, military, and other appli- 
cations. 

[0014] At least one explosive element of the detonator assembly 
104 is exposed to wellbore pressure, which can be quite 
high. An explosive element is exposed to pressure when 
any portion of the explosive element is in contact with 
fluid at the pressure. To assure reliable detonation of the 


detonator assembly 104 in the presence of the wellbore 
pressure, the detonator assembly 104 provides a sealed 
space (with one or more housing sections) in which a first 
explosive element (e.g., a detonator explosive) is located. 
The detonator assembly 104 also includes a second ex- 
plosive element (e.g., a detonating cord) having a first 
portion in the sealed space and a second portion outside 
the sealed space and exposed to outside pressure such as 
the high wellbore pressure. To enhance reliable detona- 
tion of the second explosive element, a gripping mecha- 
nism is used to grip a surface of the second explosive ele- 
ment to maintain an axial position of the second explosive 
element. Effectively, the gripping mechanism anchors the 
second explosive element in position in the detonator as- 
sembly. The gripping mechanism reduces compaction of 
the second explosive element to avoid desensitization of 
the second explosive element. In some implementations, 
the detonator assembly also includes additional explosive 
element(s), such as a booster explosive. 
[0015] The detonator assembly 104, as shown in Fig. 2, includes 
an electronic module 200 that is connected to an electrical 
cable 202 to receive electrical signals. Alternatively, in- 
stead of the module 200 being connected to an electrical 


cable 202, the module 200 can be communicated to an- 
other type of communications channel (such as a fiber op- 
tic cable). Another implementation of the module 200 in- 
cludes a module capable of receiving and processing 
pressure pulse stimuli, mechanical stimuli, and other in- 
put stimuli. 

[0016] The module 200 is in turn connected to a detonator 204. 
In response to input signals received over the electrical 
cable 202, the module 200 provides an activation signal 
over a cable 206 to the detonator 204. The electronic 
module 200, the detonator 204, and the electrical cable 
206 are contained within a chamber of a housing 208 that 
is sealed from wellbore fluids. The detonator assembly 
104 is designed to function reliably at high pressure, such 
as high hydrostatic pressures that are present in the well- 
bore 106 (Fig. 1). In some cases, the hydrostatic pressure 
in the wellbore 106 can be as high as 20,000 psi 
(sometimes even higher). In the presence of such high 
pressures, a mechanism is provided in the detonator as- 
sembly 104 to enable reliable activation of explosive ele- 
ments contained within the detonator assembly 104. Such 
explosive elements include the detonator 204, a booster 
explosive 210, and the detonating cord 110. 


[0017] a s further shown in Fig. 2, the upper portion 212 of the 

housing 208 is covered by a cap 214. The cap 214 is seal- 
ably connected (by a seal 216, e.g., an O-ring seal) to the 
upper portion 212 of the housing 208. 

[0018] The lower portion of the housing 208 is connected to a 
booster housing 218, which has an inner bore in which 
the booster explosive 210 is positioned. The connection 
between the housing 208 and the booster housing 218 is 
a sealed connection provided by a seal 220. 

[0019] The upper portion 222 of the booster explosive 210 is in 
contact with the lower end of the detonator 204. The 
lower portion 224 of the booster explosive 210 is con- 
tacted to the upper end of the detonating cord 110. Initia- 
tion of the detonator 204 causes an explosive energy to 
be transferred from the detonator 204 to the booster ex- 
plosive 210, with further explosive energy transferred to 
the detonating cord 110. In accordance with some em- 
bodiments of the invention, a pressure barrier is not 
needed between the detonator 204 and the booster ex- 
plosive 210, as is conventionally done. As a result, the 
amount of explosive energy that can be transferred by the 
detonator 204 to the booster explosive 210 is substan- 
tially greater than conventional designs where a pressure 


barrier is interposed between the detonator and booster 
explosive. 

[0020] The lower portion of the booster housing 218 is sealably 
connected to a boot 230 which can be formed of an elas- 
tomer or any other elastic material. The boot 230 has a 
first portion with an outer diameter Dl and a second nar- 
rower portion 228 with a diameter D2, where D2 is less 
than Dl. The boot 230 has an inner bore through which 
the detonation cord 110 extends. The narrower portion 
228 of the boot 230 provides a high-stress area where 
better contact is provided between the inner surface of 
the narrower boot portion 228 and the outer surface of 
the detonating cord 110. The high-stress area provided 
by the narrower boot portion 228 is designed to remove 
any voids between the narrower portion 228 and the det- 
onating cord 110 to prevent the entry of wellbore fluids 
into the sealed space inside of the detonator assembly 
104. 

[0021] | n another embodiment, instead of the boot 230, an elas- 
tomer tape can be used instead. 

[0022] The detonator assembly 104 also includes a grip tube 226 
that extends longitudinally from the lower end 224 of the 
booster explosive 210 to an upper end of a crimping shell 


232. Both the grip tube 226 and the crimping shell 232 
are located instead the bore of the boot 230. Each of the 
grip tube 226 and crimping shell 232, each of which can 
be formed of metal or other hard material, includes an in- 
ner bore through which the detonating cord 110 passes. 
[0023] The inner surface of the grip tube 226 is roughened (e.g., 
threaded) to enable gripping engagement with the outer 
surface of the detonating cord 110. The crimping shell 
232 also has a roughened inner surface to grip the outer 
surface of the detonating cord 110. The crimping shell 
232 is designed to hold the axial position of the detonat- 
ing cord 110 at low pressures. The grip tube 226 is de- 
signed to collapse radially inwardly in the presence of 
high wellbore pressure. The radially inward collapse of the 
grip tube 226 enables tight gripping of the detonating 
cord 110 by the grip tube 226 when the detonator assem- 
bly 104 is run into the wellbore 106. Thus, in the wellbore 
106, the grip tube 226 is able to maintain the axial posi- 
tion of the detonating cord 110 (maintain the position of 
the detonating cord 110 in the axial direction of the deto- 
nating cord 110) even in the presence of high hydrostatic 
pressure acting on the exposed portion of the detonating 
cord 110. The gripping or anchoring performed by the 


grip tube 226 in the presence of high outside pressure 
prevents the detonating cord 110 from being compacted 
into the booster explosive 210. 

[0024] | n the detonator assembly 104 depicted by Fig. 2, the 

housings 208 and 218 and the boot 230 are housing sec- 
tions that define a sealed space in which the detonator 
204, booster explosive 2 10, and a first portion of the det- 
onating cord 110 are located. Whereas the boot 230 is 
formed of an elastic material to enable a reliable sealing 
contact between the boot 230 and the detonating cord 
110, the housings 208 and 218 are formed of a hard ma- 
terial such as metal or other like material. The second 
portion of the detonating cord 110 is exposed to outside 
pressure, such as wellbore hydrostatic pressure. 

[0025] The gripping mechanism in the arrangement of Fig. 2 in- 
cludes the grip tube 226 and crimping shell 232. The 
gripping mechanism is effectively activated by the pres- 
ence of high pressure, which acts on the boot 230 to 
cause the collapse of the grip tube 226 radially inwardly 
to grip the detonating cord 110. 

[0026] The sealed inner space provided by the boot 230 and 

housings 218 and 208, which is sealed from the external 
pressure, allows the detonator 204, booster explosive 


210, and the upper portion of the detonating cord 110 to 
be initially at ambient pressure. As a result, the transfer of 
explosive energy from the detonator 204 to the booster 
explosive 210, and from the booster explosive 210 to the 
detonating cord 110, is reliable since the detonation oc- 
curs at ambient pressure. 

[0027] | n an alternative embodiment, the upper portion of the 

detonating cord 110 can be contacted directly to the det- 
onator 204, with the booster explosive 210 omitted. The 
same concepts can be applied to detonator assemblies 
used in other applications. 

[0028] while the invention has been disclosed with respect to a 
limited number of embodiments, those skilled in the art 
will appreciate numerous modifications and variations 
therefrom. It is intended that the appended claims cover 
such modifications and variations as fall within the true 
spirit and scope of the invention. 


